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Drs Tas¸tepe and Gezer (left to right)sdoi:10.1016/j.jtcvs.2006.11.003bjective: Large series about pulmonary sequestration from a single institute are
are in the literature. In this study, we aimed to evaluate diagnosis, treatment, and
utcomes of pulmonary sequestration in a single institute.
ethods: Records of patients with pulmonary sequestration between January 1982
nd January 2006 were reviewed retrospectively. Age, sex, symptoms, diagnostic
rocedures, operative findings, operative techniques, postoperative complications,
nd follow-up results were evaluated.
esults: Twenty-seven patients, 17 male and 10 female, with an average age of 23.3
ere operated on for pulmonary sequestration. Twenty patients had preoperative symp-
oms including recurrent pneumonia attacks, chest pain, hemoptysis, and shortness of
reath. Chest radiography, thoracic computed tomography, aortography, magnetic res-
nance imaging, and bronchoscopy were used as diagnostic methods. Of the cases, 19
70%) were intralobar pulmonary sequestration and 8 (30%) were extralobar pulmonary
equestration. Surgical procedures were lower lobectomy in 18 and segmentectomy in
of the patients with intralobar pulmonary sequestration and simple mass excision in all
f those with extralobar pulmonary sequestration. Postoperative histopathologic exam-
nations excluded any other alternative diagnosis. Furthermore, it detected an aspergil-
oma ball in 1 of the intralobar pulmonary sequestration specimens. Two patients had a
ostoperative complication (prolonged air leak in 1 patient and empyema in the other).
uring the follow-up period (mean 2.3 years), none of the patients presented a problem.
o mortality was encountered.
onclusion: Owing to the potentially severe complications they can cause, pulmo-
ary sequestrations should be removed whenever they are diagnosed. Since careful
issection provides sufficient surgical comfort, preoperative identification of the
berrant vessels is not a rule for the success of the operation.
ulmonary sequestration (PS) indicates a portion of lung tissue that does not
have a normal connection with the tracheobronchial tree and has an abnormal
vascular supply. Aberrant blood supply to the lung was first reported by
uber in 1777, but the term “sequestration” was introduced by Price in 1946.1 This
are abnormality has an incidence between 0.15% and 6.45% among all pulmonary
alformations.2
PSs are divided into two subgroups: intralobar pulmonary sequestration (ILS)
nd extralobar pulmonary sequestration (ELS). Whereas ILS is contained within
ormal lung parenchyma, ELS is separated from normal lung and has its own
isceral pleura.2 Almost always, arterial supply to the PS is from a systemic artery
nd venous drainage is to pulmonary veins in ILS and to a systemic vein in ELS.3
There are numerous case reports about PS in the English literature, but large
1 eries reported from a single hospital are rare. In this study, we aimed to evaluate
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G
TShe presentation and outcomes of PS, with diagnostic and
reatment modalities, in a series consisting of 27 patients at
single hospital.
atients and Methods
ecords of patients with PS in Atatürk Chest Diseases and
horacic Surgery Training and Research Hospital between
anuary 1982 and January 2006 were reviewed retrospectively.
ge, sex, symptoms, diagnostic procedures, operative findings,
perative techniques, associated anomalies, postoperative
omplications, and follow-up results were evaluated.
esults
wenty-seven patients had been operated on for PS in the
horacic surgery clinic. Of these patients, 17 (63%) were
ale and 10 (37%) were female. Average age of the patients
as 23.3 years, ranging between 3.5 and 51 years. Six
22%) patients were in the pediatric age range (younger than
6 years old) and 21 (78%) patients were adults (older than
6 years).
Twenty (74%) patients had had symptoms preopera-
ively: recurrent episodes of pneumonia in 10 patients, chest
ain in 6 patients, hemoptysis in 2 patients, and shortness of
reath in 2 patients (Table 1).
All of the patients had chest x-ray films, which showed a
ystic or solid mass in 19 patients, parenchymal infiltration
n 4 patients, and no pathologic sign in 4 patients. All the
atients but 5, treated in the early years, when thoracic
omputed tomography (CT) was not available, had under-
one contrast-enhanced thoracic CT, which showed cystic
r solid masses (Figure 1). Three patients had undergone
Abbreviations and Acronyms
CT  computed tomography
ELS  extralobar pulmonary sequestration
ILS  intralobar pulmonary sequestration
PS  pulmonary sequestration
VATS video-assisted thoracoscopic surgery
ABLE 1. Symptoms versus pathologic condition and
ge group
ymptoms
ILS ELS
Pediatric age Adult Pediatric age Adult
ecurrent episodes
of pneumonia
2 6 1 1
hest pain 1 3 2
emoptysis 2
hortness of breath 1 1
LS, Intralobar pulmonary sequestration; ELS, extralobar pulmonary
equestration. a
56 The Journal of Thoracic and Cardiovascular Surgery ● Apriortography, which revealed the aberrant arterial supply,
ue to the suspicion of PS (Figure 2). Only 1 patient had
een evaluated with magnetic resonance imaging, which
isplayed a mass (Figure 1). All of the patients had also
igure 1. a and b, A 33-year-old ILS patient’s thoracic CT scans.
he ILS lesion presented as a solid mass in the lower lobe of the
ight lung near the heart. c and d, MRI appearance of the same
esion. e, Chest x-ray film. ILS, intralobar pulmonary sequestra-
ion; CI, computed tomography; MRI, magnetic resonance image.
igure 2. a, b, c, and d, Angiograms of same patient showing the
berrant artery of ILS coming from the bronchial artery.
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G
TSndergone bronchoscopy, which detected secretions arising
rom the lower lobe bronchus in patients with recurrent
neumonia and bleeding from the lower lobe bronchus in
atients with hemopytsis.
Only 3 patients had undergone thoracotomy with the diag-
osis of PS confirmed by aortography; the remaining 24 pa-
ients were operated on for intrathoracic cystic or solid masses.
ineteen (70%; 3 children, 16 adults) patients had ILS and 8
30%; 3 children, 5 adults) had ELS. ILSs were located in the
ight lower lobe in 10 (52.5%) patients and the left lower lobe
n 9 (47.5%) patients. ELSs were located between the lower
obe and diaphragm in the right hemithorax in 3 (37.5%)
atients and left hemithorax in 5 (62.5%) patients.
Aortography showed an aberrant arterial supply from the
horacic aorta in 1 patient, from the bronchial artery in 1
atient, and from the abdominal aorta in 1 patient (Figure 2).
ntraoperative observation indicated that the main arterial
upply of the lesions was from the thoracic aorta in 9 of the
atients and from below the diaphragm in 7 patients, in
hom we did not search for the exact origin. In addition to
hose abdominal arteries, we also could not detect the origin
f arterial supply in the remaining 8 patients. Venous drain-
ge was through pulmonary veins in all (100%) of the ILS
atients, 2 (25%) of the ELS patients, and through a sys-
emic vein in 2 (25%) of the ELS patients (through the
zygos system in 1 patient and through the superior vena
ava in the other). Venous drainage in remaining 4 ELS
atients could not be identified.
Surgical procedures were lower lobectomy in 18 ILS
atients, segmentectomy in 1 ILS patient, and simple
ass excision in all ELS patients. All of the resections
ere performed through a posterolateral thoracotomy.
ntraoperatively, all patients had pleural adhesions
round the PS lesions, but any foregut relationship was
ot encountered. In 1 of the ELS patients a concomitant
iaphragmatic hernia was detected and repaired in the
ame session.
Postoperative histopathologic examinations confirmed
he lack of bronchial communications and excluded any
ther alternative diagnosis. Furthermore, it detected an as-
ergilloma ball in one of the ILS specimens.
Two adult patients had a postoperative complication
prolonged air leak in 1 patient and empyema in the other).
he resulting empyema was treated with tube drainage and
ntibiotic treatment according to culture antibiograms. Dur-
ng the follow-up period ranging between 1 month and 5
ears (mean 2.3 years), none of the patients had a problem.
o mortality was encountered.
iscussion
he etiology of PS has not yet been clarified.4 There are
umerous theories explaining the development of PS.
mong these theories there is a consensus about the con- a
The Journal of Thoracicenital origin of ELS. However, the origin of ILS, whether
ongenital or acquired, is a topic of discussion. The most
idely known theories in both ILS groups were Boyden’s5
ersus Stocker and Malczak’s.6 According to Boyden’s
heory,5 which was reported in 1958 and, defending the
ongenital origin, was later corroborated by Iwai and asso-
iates,7 a PS was arising from a lung bud that was pinched
ff from the caudal foregut with its own blood supply. On
he other hand, in 1984 Stocker and Malczak6 studied the
ulmonary ligaments in children without any congenital
ulmonary or vascular disease and demonstrated systemic
rteries within the pulmonary ligament in 10 of 11 cases.
hey proposed a sequence of events including bronchial
bstruction, pneumonia, pulmonary artery occlusion, pleu-
itis, and parasitization of pulmonary ligament arteries lead-
ng to the development of an ILS.6
ELSs account for approximately 25% of all PS cases.8
avic and coworkers9 found 133 ELS cases versus 400
LS cases in an extensive review of the literature.
hereas ELS is frequently located between the left lower
obe and diaphragma, ILS is found in the posteroletaral
egment of the left lower lobe. Also, atypical localiza-
ions of ELS, such as apical and bilateral, mediastinal,
nfrapericardial, and abdominal, are found.2,9 In our se-
ies, ELS incidence was 30% and ELS localizations were
dentical with the literature; by contrast, ILS localizations
iffered from the literature, being slightly more frequent
n the right side.
ELSs are more often associated with other congenital
nomalies (50% of cases) than are ILSs (14% of cases).9
ost often, associated anomalies included diaphragmatic
ernias and defects, cardiopulmonary anomalies, and
ommunications with the foregut. Diaphragmatic hernias
re seen in 30% of ELS cases.9 In our series, only 1
12.5%) ELS patient had a diaphragmatic hernia.
Antenatal diagnosis of PS can be made as early as 18
eeks of gestation by ultrasonography. Serial antenatal
cans have shown disapperance of 68% of PSs, but remain-
ng persistent PSs may complicate recurrent infections or
ardiac failure later in childhood.10 PS was not diagnosed
ntenatally in any of our patients.
Chest radiography is the first step in the diagnosis of PS,
ike most other thoracic diseases. On the chest x-ray film, an
longated, sometimes cystic, lesion lying adjacent and fre-
uently posterior to the pericardium strongly suggests a PS
ut is not a definite diagnosis.2 Thoracic CT may visualize
he mass, abnormal vessels, and associated anomalies, if
resent. Aberrant vessels should be visualized for the defi-
ite diagnosis of PS. Conventional angiography is the gold
tandard for demonstrating arterial supply and venous drain-
ge and is the traditional method of diagnosis in PS.11 CT
ngiography and Doppler ultrasonography may reveal the
bnormal vessels and blood flow.12 Magnetic resonance
and Cardiovascular Surgery ● Volume 133, Number 4 957
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G
TSmaging and magnetic resonance angiography are very suc-
essful in demonstrating the aberrant vessels and underlying
arenchymal changes.13 The superiority of magnetic reso-
ance angiography and CT angiography to conventional
ngiography lies in the fact that they are noninvasive. In our
eries, we performed angiography in only 3 patients. In
ome of the remaining patients we could not perform any of
hese modalities for technical reasons, and most of the
atients underwent surgery without a suspicion of PS. How-
ver, we did not encounter any difficulty such as major
leeding because careful dissection, which is our opera-
ional rule, as in the case of other surgery clinics, provided
s sufficient surgical comfort.
Cough, sputum production, recurrent episodes of pneu-
onia, and symptoms related to associated anomalies are
he most common symptoms of patients with PS. Some of
he patients with PS do not have any symptoms and the
iagnosis is made by accident (15.5% of ILS patients and
0% of ELS patients).9 Severe complications of both ELS
nd ILS, which included fatal hemoptysis14 and massive
emothorax,15,16 cardiovascular complications,17,18 super-
mposed infections such as fungal infection19 and tubercu-
osis,20 and benign21 and malignant tumors,22 have been
ublished. These severe complications necessitate the re-
oval of the PS lesion if the diagnosis is certain. Also, if the
iagnosis is uncertain, surgery is the rule for diagnosis and
reatment in PS.23 Mass resection for ELS and lobectomy
or ILS are the treatments of choice. The difficulty with
esection of a PS is the identification of the aberrant artery
ecause of inflammatory changes. Therefore, identification
f arterial supply should be done carefully.24 In our series,
4% of the patients had symptoms preoperatively. Two
atients had hemoptysis and 1 had fungal superinfection.
ur surgical strategy was the same, except in 1 asymptom-
tic patient with ILS in whom segmentectomy was suffi-
ient to remove the lesion.
Video-assisted thoracoscopic surgery (VATS) is a de-
eloping method for the resection of PS. Despite the
ifficulties in surgical dissection because of inflammation
nd fibrosis owing to the recurrent infections, Kestenholz
nd associates24 published the successful outcomes of 14
atients with PS in whom VATS resection was per-
ormed. In only 1 of these 14 patients was it necessary to
onvert to a thoracotomy because of bleeding from an
berrant artery. Also, Lagausie and associates8 published
uccessful outcomes of 6 of 8 infants with PS in whom
he diagnosis was made antenatally. Lobectomy or seg-
entectomy through VATS is a new technique for our
enter, so we did not perform any VATS resection in
atients with PS.
In conclusion, surgery is necessary in patients with PS
hether the diagnosis is certain or not. Preoperative iden-ification of aberrant vessels makes the operation easy for
58 The Journal of Thoracic and Cardiovascular Surgery ● Aprihe surgeon, but it is not an indispensable rule, especially for
ural centers where angiography is not available. Careful
issection in cases of suspected PS is sufficient for the
uccess of the operation.
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